Thyroglobulin
Conclusions: Malignant US criteria combined with FNAC features have a low preoperative diagnostic rate for MFVPTC. Surgery is recommended for patients with thyroid nodules larger than 4 cm and those with subtle and focal atypical nuclei in FNAC.
The macrofollicular variant of papillary thyroid cancer (MFVPTC) is a rare histological variant of papillary thyroid cancer (PTC), with only 71 patients described through 2014 [1] . The categorization of MFVPTC as PTC, follicular thyroid carcinoma, or follicular variant of papillary thyroid cancer (FVPTC), remains unclear [2e4] .
Thyroid ultrasonography (US) and fine needle aspiration cytology (FNAC) are first-line diagnostic tools for thyroid nodules [5] . These modalities, however, have demonstrated reduced sensitivity and specificity in the preoperative diagnosis of FVPTC [6] . Moreover, insufficient information is available about the thyroid US and FNAC characteristics of MFVPTCs. MFVPTCs may be under-diagnosed because they may mimic adenomatous goiter or benign thyroid lesions on cytopathology.
The purpose of this study was to retrospectively review the thyroid cancer database of our institution to assess the characteristics of MFVPTC on preoperative US and FNAC. In addition, clinical features and therapeutic outcomes of patients with these tumors were analyzed.
Material and methods

Participants
Between 1993 and 2013, 3404 patients with thyroid cancer, including 2783 (81.8%) with PTC, underwent regular follow-up care at Chang Gung Medical Center in Linkou, Taiwan. Of these 2783 patients, 437 (15.7%) who were lost to follow-up after one year and 246 (8.8%) who underwent initial thyroidectomy at another hospital were excluded.
Of the remaining 2100 patients with PTC, 393 (18.7%) were diagnosed with histologically proven FVPTC, including 11 (0.5%) with MFVPTC. The 393 patients included 303 (77.1%) women and 90 (22.9%) men, of mean age 45.1 ± 13.4 years (range: 10e82 years, median: 46 years). Of the 393 patients, 317 (80.7%) underwent total thyroidectomy (TT) or complete thyroidectomies (CTT, with a second surgical intervention performed after pathological diagnosis of carcinoma).
All thyroid carcinoma tissues were pathologically classified according to World Health Organization criteria [7] . Patients were staged in accordance with the tumor-node-metastasis (TNM) staging criteria of the American Joint Committee on Cancer (AJCC) 7th edition [8] .
This study was approved by the Institutional Review Board of Chang Gung Medical Center (Approval No. 102-3433B). Because of the retrospective nature of this study, the requirement for informed consent was waived.
Preoperative examinations and postoperative evaluation and management
Thyroid US in most patients was performed by an endocrinologist or radiologist using a real-time US machine (GE Voluson 730 Expert) and a 10-MHz transducer. Factors evaluated included the composition of the nodules, echogenicity, texture, margins, shape, and the presence or absence of halos. Microcalcifications were defined as calcifications 1 mm in diameter, which were visualized as tiny, punctate hyperechoic foci, with or without acoustic shadows; and macrocalcifications were defined as hyperechoic foci >1 mm in diameter. FNAC was performed on suspected thyroid nodules using a 24-gauge needle. The aspirates were stained with Papanicolaou stain or by the Romanowsky-based method [9] . Ten of the 11 patients with MFVPTC underwent preoperative FNAC. FNAC results were interpreted as described [10] .
Surgery was recommended to patients cytologically diagnose Bethesda category IV to VI disease and to patients with enlarged nodules and an inadequate number of cells for interpretation during follow-up. Some patients with initial cytological diagnoses of benign masses were requested to undergo repeat US and FNAC 3 and 6 months later.
This study enrolled patients who underwent TT or less than TT and had a final histopathologic diagnosis of MFVPTC. Five of these patients underwent a second surgical intervention, resulting in CTT, with the bilateral thyroidectomy specimens undergoing further histopathological analyses.
Patients underwent remnant radioiodine ablation with 1.11e3.7 GBq (30e100 mCi) 4e6 weeks after thyroidectomy. If a
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Scientific background on the subject
The macrofollicular variant of papillary thyroid cancer (MFVPTC) is a rare histological variant of PTC, only 71 cases reported through 2014. MFVPTC were under-diagnosed because they may mimic benign lesions on cytopathology. Insufficient information was available in their ultrasonography (US) and fine needle aspiration cytology (FNAC) features.
What this study adds to the field
The clinical presentation, treatment outcomes, and survival rates of 382 FVPTC (382 non-MFVPTC and 11 MFVPTC) were analyzed. Malignant US criteria combined with FNAC features had a low diagnostic rate for MFVPTC. Surgery is recommended for nodules larger than 4 cm and those with subtle and focal atypical nuclei in FNAC.
distant metastasis was diagnosed on a radioiodine scan, patients were administered an additional of 3.7e7.4 GBq (100e200 mCi) 131 I radioiodine 6 months later. Through the end of 2014, serum Tg levels were measured using an immunoradiometric assay kit (CIS Bio International, Gif-sur-Yvette, France), with a detection limit of 0.5 ng/mL and a functional sensitivity, as determined in our laboratory, of 1.2 ng/mL. Concentrations of anti-Tg antibody were measured by competitive radioimmunoassay (Biocode, Li ege, Belgium), with an analytical sensitivity of 6 IU/mL. 
Patients with undetectable serum Tg levels, defined as <1.2 ng/mL, were evaluated by noninvasive methods, including neck US, with or without chest radiography, once or twice a year. Patients with detectable Tg levels were evaluated by neck US, with or without chest radiography, more 
Statistical analysis
Survival rates were calculated using the KaplaneMeier method and compared using the log-rank test [12] . All statistical analyses were performed using Statistical Product and Service Solutions version 17.0 (SPSS Inc., Chicago, IL, USA). pvalues < 0.05 were considered statistically significant in all tests.
Result
Of the 393 patients diagnosed with FVPTC in our institution, 11 (2.8%) were diagnosed with MFVPTC [ Table 1 ]. Age and sex did not differ significantly between the 382 patients with non-MFVPTC and the 11 MFVPTC. MFVPTCs were significantly larger in size histologically than non-MFVPTCs (4.2 ± 2.1 cm vs. 2.9 ± 1.7 cm; p ¼ 0.016). Although a lower percentage of patients with MFVPTC underwent TT or CTT (63.6% vs. 81.2%; p ¼ 0.147), there were no significant differences in surgical methods or post-operative 131 I doses [ Table 1 ].
Of the 11 patients with MFVPTC, one patient (Patient 1 in Table 2 ), a 47-year-old woman with a post-operative serum Tg level of 20 ng/mL 1 month after total thyroidectomy, presented with a distant (lung) metastasis detected on a 3.7 GBq (100 mCi 131 I) therapeutic scan evaluating remnant ablation. After treatment with 7.4 GBq (200 mCi) 131 I, the patient was disease-free, with an undetectable Tg level. She showed no evidence of recurrence after 5.7 years of follow-up. Table 2 shows the age, sex, thyroid US and FNAC results of the 11 patients with MFVPTC, as well as the computed tomography results of one MFVPTC patient. The US images of all MFVPTC lesions were heterogeneous and isoechogenic. Eight of the 11 nodules had calcifications, and eight had irregular margin. Seven presented with halo signs, including 6 with incomplete halos, and seven demonstrated intranodular Of the 10 FNAC specimens, six (60%) were benign lesions, three (30%) were follicular neoplasms, and one (10%) was a malignant tumor, according to the Bethesda System. FNAC samples were characterized by 1) low cellularity; 2) absence or focal presence of enlarged clear nuclei, with a few having coarse chromatin intermixed among fine chromatin; 3) abundant colloid fragments; and 4) cells in dissociated distributions or microfollicular patterns, rather than in typical papillary structures. Enlarged clear nuclei, anisonucleosis, and intranuclear inclusion bodies were typical nuclear features, but they could be subtle and focal [ Fig. 2] . Histologically, multifocal PTCs (microPTC and PTC), with characteristics similar to those of classic PTC, were observed in the opposite lobe of two patients.
After thyroidectomy, 10 of the 11 MFVPTC patients (all except patient 7) were treated with 30e100 mCi 131 I for remnant ablation. After a mean follow-up of 6.9 ± 5.1 years, disease-specific survival did not differ significantly in patients with MFVPTC and those with Non-MFVPTC [ Fig. 3] , with 5-year survival rates of 100% and 97.4%, respectively, and 10-year survival rates of 100% and 77.8%, respectively. .
Discussion
This study found that the mean age of the patients with MFVPTC was 44.0 ± 18.2 years, with a female predominance (63.6%). These numbers are similar to the mean age (44.37 ± 13.77 years) and female predominance (78.7%) we observed in patients with FVPTC [13] . In addition, our results are consistent with a cross-sectional population analysis of a US national cancer database, in which patients had a mean age of 47.9 years and showed female predominance (79.3%) [14] .
MFVPTC was first described in 1991 as usually encapsulated and was regarded as a well-differentiated carcinoma [15] . These tumors were histologically defined as tumors with macrofollicles (>200 mm in diameter) occupying more than 50% of the cross-sectional area of tumor follicles [15] . They are characterized by a predominant follicular architecture [16] , in contrast to the well-formed papillary structures observed in conventional PTCs [10, 15, 16] .
Over the last 3 decades, nuclear histological features, such as enlarged nuclei, pale ground glass opacity, intranuclear cytoplasmic inclusions, and nuclear grooves, have become of paramount importance in the diagnosis of PTC and its variants [16] . Most MFVPTCs have an indolent behavior, but multiple bone and lung metastases may occur [15, 17, 18] . Hence, careful cytopathological interpretations of any nuclear features suggesting malignant potential and a thorough review of previous, seemingly benign thyroid lesions in thyroidectomy specimens are important, because MFVPTCs may show delayed recurrence and/or distant metastases.
FNAC is a widely accessible preoperative diagnostic procedure with high accuracy, especially for PTC. However, FNAC is less accurate in diagnosing FVPTC and MFVPTC than conventional PTC. The nuclear features of MFVPTC are often more subtle on FNAC than observed histologically. MFVPTCs usually present with focal nuclear atypia, as well as lower cellularity, and more abundant colloid than conventional PTC and FVPTC. Assessments of cytological features may be unable to distinguish MFVPTC from benign lesions [1] . Cytology can also be affected by interobserver variability [19e21] , which reduces the possibility of surgical intervention for a definite pathological diagnosis.
Our rate of MFVPTC diagnosis using preoperative FNAC was slightly lower than previously reported [1] . The earlier study found that using FNAC often resulted in MFVPTCs being diagnosed as benign lesions. Of the MFVPTCs in the earlier study, 29% were diagnosed as macrofollicular adenomas/ adenomatous goiter; 14% as follicular neoplasms, 37% as PTC, and 20% as atypia of undetermined significance. Our rate of MFVPTC diagnosis using FNAC was even lower than the rate we previously reported for FVPTC [13] . Of the 75 FVPTCs in that study, 22 (29%) were diagnosed as benign thyroid lesions, 42 (56%) as follicular neoplasms, and 11 (15%) as PTC.
US can also easily evaluate patients pre-operatively. Thyroid US may help identify tumors with malignant potential, may indicate the need for FNAC, and may facilitate the detection of malignancy. US features indicative of malignancy include irregular margins, including microlobulated, spiculated and infiltrative margins; solid consistency; marked hypoechogenicity; micro-and/or macro-calcifications, shape taller than wide measured on a transverse view; and absence of halo [22e25]. These features, however, may be absent from FVPTC and MFVPTC specimens. In our study, all MFVPTC specimens exhibited isoechogenecity. Thus far, no characteristic US features of MFVPTC have been described.
In conclusion, preoperative diagnosis of MFVPTC by US plus FNAC poses more challenges than diagnosis of conventional PTC and FVPTC. This results in fewer patients with MFVPTC undergoing total thyroidectomy as initial surgical intervention. Although MFVPTC has a good survival rate, distant metastases may occur.
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